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Abstract 
The study was designed to determine if spatial location of movement was automatically encoded in memory by children with 
intellectual disabilities (ID) and typically developing (TD) children. Each participant performed motor exercises at each of four 
selected locations on a 20X20 m field. The condition variable consisted of intentional position-intentional exercise, incidental 
position-intentional exercise, and incidental position-incidental exercise. The results indicated that spatial location of movement 
was not automatically encoded because intention resulted in better performance for TD children. Several critical issues related to 
intervention strategies in the field of ID are also discussed, considering the educational practices 
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1. Introduction 
Several studies of memory for spatial location among persons with intellectual disabilities (ID) have followed 
from an assertion by Hasher & Zacks (1979) that the encoding of spatial location is an automatic process. Hasher 
and Zacks (1979) argued that some types of information, like spatial location, are automatically encoded in memory. 
Specifically, the authors stated that an automatic process shows little change with age does not benefit from practice 
and feedback, is not affected by effortful encoding strategies or by intentionality or incidentality of the tasks. 
However the results from research on spatial location have not generally supported automatic encoding. It has been 
shown that it is influenced by intention (Dayan & Thomas, 1994; Naveh-Benjamin, 1988), varying task demands 
(Naveh-Benjamin, 1987, 1988) and individual differences (Naveh-Benjamin, 1988; Zucco, Tessari & Soresi, 1995). 
The evidence on intelligence-related differences in automatic processes, such as memory for spatial location, is 
inconclusive. In some studies no intelligence-related differences were found (Dulaney & Ellis, 1991; Ellis, 
Woodley-Zanthos & Dulaney, 1989; Jones, Vaughan & Roberts, 2002). Other findings, however, have reported 
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reduced spatial memory capacity in persons with ID (Alevriadou, Tsakiridou, Kallitsoglou & Grouios, 2003; 
Dulaney, Raz & Devine, 1996; Zucco et al., 1995). 
As a further test of the encoding automaticity hypothesis, Nigro and Roak (1987) assessed the difference between 
the intentional and incidental learning of the spatial locations. Neither intelligence nor intention to learn was 
expected to affect memory of the object locations. The results showed that the participants with ID learned locations 
better under incidental conditions than under intentional conditions. The opposite was true for the control group. 
Similarly, Jones and his colleagues (2002) reported that the participants with ID recalled incidentally encoded object 
locations as accurately as did members of the control group. In all the other conditions, the performance of the 
participants with ID was poorer than that of the controls.  
Another interesting point is that most of the studies (Dulaney et al., 1996; Nigro & Roak, 1987) used 
chronological age as a matching criterion between the two groups, although a lot of these studies (Ellis et al., 1989, 
Experiment 2; Katz & Ellis, 1991) seem to have severe problems in this matching. Specifically, in the Ellis et al. 
study (1989, Experiment 2) the mean age of the college students was not reported and it is likely that they were 
younger and their age range was more restricted than that of the Down syndrome subjects whose mean age was 26.8 
years (age range 14 to 51). In the Katz and Ellis study (1991) the age range of the participants with moderate ID was 
wider than that of their counterparts with mild ID. 
Additionally, most of the studies examined (Ellis et al., 1989, Experiment 1; Katz & Ellis, 1991; Nigro & Roak, 
1987) do not specify etiology of ID or use individuals with Down syndrome exclusively (Ellis et al., 1989; 
Experiment 2; Zucco et al., 1995). Dulaney et al. (1996) was the only study, which examined participants with 
Down syndrome and nonspecific ID. 
Some researchers (Dayan & Thomas, 1994, 1995) investigated if spatial location of movement was automatically 
encoded in memory in typically developing (TD) young children and adults. The results of these studies have been 
somewhat contradictory. Dayan and Thomas (1994) partially supported Hasher & Zacks’s (1979) hypothesis, 
although older participants were more accurate and less variable in recalling spatial locations than younger ones. On 
the other side, Dayan and Thomas (1995) indicated that spatial location of movement is influenced by age, intention, 
spatial cues, and more practice. This contradiction may be partially explained due to differences in the testing 
situations.  
Thus, one cannot draw conclusions from the previous studies whether the differences in memory for spatial 
location were due to differences in age, etiology or intention. The present study was designed to determine if spatial 
location of movement was automatically encoded in memory in a large-scale environment by children with 
intellectual disabilities (ID) (organic mild mental retardation). For that reason we examined spatial location between 
individuals with organic ID and TD children matched to their mental age. If there are any differences in the recall of 
spatial location of movement (either within group or between groups), the claim of automaticity assumed by Hasher 
and Zacks (1979) would not be supported.  
2. Method 
2.1. Participants 
 
Sixty subjects participated in the study, which were divided in two groups. The first group was composed of 30 
children with organic ID (15 boys and 15 girls) ranging in chronological age from 8 to 13 years (M= 9.5 years, SD= 
3.60). Their mean mental age was 7.8 years (SD=0.24), using the Raven’s Colored Progressive Matrices (RCPM) 
(Raven, 1965). Ten of the participants were premature and had anoxia at birth, four had postnatal head trauma, six 
had encephalitis, two were infected by the rubella in the mother, while the other eight had epilepsy. All children 
with ID had mild intellectual disability and were receiving special education and none were living in institutional 
settings. Furthermore, none of the children in any of the groups had sensory impairments including hearing deficits 
and decreased visual acuity. Finally, none of these children were on drugs.  
The second group consisted of 30 TD children (15 boys and 15 girls) aged from 7.0 to 7.6 years (M=7.7 yr., 
SD=0.51) recruited from state schools. Their mean mental age was 7.7 years (SD=0.14). The two groups were 
matched on mean mental age, using the RCPM (Raven, 1965). There was no statistical significant difference in 
mental age between the two groups (t=0.11, df=58, p>0.05). 
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2.2. Procedure 
All participants were tested individually. RCPM was presented before the main task. The administration was led 
by the examiner in a quiet and familiar room. The main testing situation consisted of four locations on a 20X20 m 
field (large-scale environment) at the courtyard of their school. The distances between the locations were 2 to 5 m 
apart (see Figure 1). The layout of the field was without lines. The tasks performed are a simplified version of the 
Dayan & Thomas’s (1996) testing condition. Specifically, each participant jogged with the experimenter and 
performed one of the exercises at each of the four selected locations. The four exercises were (a) jump and turn 360° 
(one time) (location A), (b) stride jumps (three times) (location B), (c) jumping jacks (two times) (location C), and 
(d) hop on one foot (five times) (location D) (see Figure 1). Each participant was told to stay on the right side of the 
experimenter when jogging and performing the exercises. 
 
Figure 1. The four selected locations 
 
A
B
C
D
 
The condition variable consisted of three levels to which participants were randomly assigned: intentional 
position-intentional exercise (ITP-ITE) (Condition I), incidental position-intentional exercise (ICP-ITE) (Condition 
II), and incidental position-incidental exercise (ICP-ICE) (Condition III). Participants in the ITP-ITE condition were 
told they would have to recall the spatial positions of the exercises that they would perform at various locations on 
the field. Participants in the ICP-ITE condition were told that they would have to recall the exercises that they 
performed. The ICP-ITE condition determined whether trying to remember the exercise helped the participants 
recall the location. Participants in the ICP-ICE condition were told nothing about the recall requirement, only that 
the experimenter wished to see how they performed the tasks. The ICP-ICE condition examined how participants 
recalled the location without being instructed to remember them. 
Participants were randomly assigned to perform the tasks. After jogging with the experimenter and performing the 
exercises at the four locations, the participant and the experimenter went to point A as shown in Figure 1. Beginning 
there, the participant was asked to show the experimenter by walking to the exact location (in any order) where she 
or he performed the exercises- that is, using free recall. 
3. Results 
The design was a 2 (group: ID and TD children) X 3 (Condition I, II and III) for each one of the exercises [a) 
jump and turn 360° (one time) (location 1), (b) stride jumps (three times) (location 2), (c) jumping jacks (two times) 
(location 3), and hop on one foot (five times) (location 4)]. 
For the jump and turn 360°condition there was a statistical main effect of group [F(1,58)=225.81, p<.01] and 
Condition [F(2,116)=15.25, p<0.01]. The post hoc analysis using the Bonferroni correction (Į=0.01) indicated that 
there were statistical significant differences between Condition I and III. Additionally, there was a statistical 
significant interaction between the two factors (group X condition) [F(2,116)=159.04, p<0.01]. Specifically, 
children with ID performed better in Condition ǿII than in Condition II and Condition ǿ (p<0.01). On the contrary, 
TD children performed better in Condition ǿ than in Condition II and Condition ǿII (p<0.01). 
For the stride jumps condition there was a statistical main effect of group [F(1,58)=416.07, p<0.01] and Condition 
[F(2,116)=9.79, p<0.01]. The post hoc analysis using the Bonferroni correction (Į=0.01) indicated that there were 
statistical significant differences between Condition I and III. Additionally, there was a statistical significant 
interaction between the two factors (group X condition) [F(2,116)=253.92, p<0.01]. Specifically, children with ID 
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performed better in Condition ǿII than in Condition II and Condition ǿ (p<0.01). On the contrary, TD children 
performed better in Condition ǿ than in Condition II and Condition ǿII (p<0.01). 
For the jumping jacks condition there was a statistical main effect of group [F(1,58)=258.31, p<0.01] and 
Condition [F(2,116)=12.18, p<0.01]. The post hoc analysis using the Bonferroni correction (Į=0.01) indicated that 
there were statistical significant differences between Condition I and III. Additionally, there was a statistical 
significant interaction between the two factors (group X condition) [F(2,116)=356.249, p<0.01]. Specifically, 
children with ID performed better in Condition ǿII than in Condition II and Condition ǿ (p<0.01). On the contrary, 
TD children performed better in Condition ǿ than in Condition II and Condition ǿII (p<0.01). 
For the hop on one foot condition there was a statistical main effect of group [F(1,58)=243.75, p<0.01] and 
Condition [F(2,116)=8.18, p<0.05]. The post hoc analysis using the Bonferroni correction (Į=0.01) indicated that 
there were statistical significant differences between Condition I and III. Additionally, there was a statistical 
significant interaction between the two factors (group X condition) [F(2,116)=564.98, p<0.01]. Specifically, 
children with ID performed better in Condition ǿII than in Condition II and Condition ǿ (p<0.01). On the contrary, 
TD children performed better in Condition ǿ than in Condition II and Condition ǿII (p<0.01) (see Table 1). 
 
Table 1. Mean scores and standard deviations of the two groups for the four exercises in each of one the three conditions (C)  
 
Groups Exercise a Exercise b Exercise c Exercise d 
 C I C II C III C I C II C III C I C II C III C I C II C III 
ID 2. 36 
(0.24) 
3.16 
(0.31) 
4.80 
(0.76) 
1.86 
(0.29) 
3.06 
(0.26) 
4.60 
(0.49) 
1.16 
(0.35) 
2.33 
(0.34) 
3.70 
(0.66) 
0.83 
(0.58) 
1.86 
(0.34) 
2.86 
(0.53) 
TD 6.13 
(0.41) 
5.00 
(0.48) 
4. 56 
(0.56) 
6. 36 
(0.34) 
5.26 
(0.34) 
4.46 
(0.52) 
5.40 
(0.44) 
4.43 
(0.39) 
3.63 
(0.85) 
4.60 
(0.32) 
3.66 
(0.43) 
2.73 
(0.64) 
 
Finally, there was a significant exercise main effect for both groups [F(1,58)=113.62, p<0.01]. The post hoc 
analysis using the Bonferroni correction (Į=0.01) indicated that children with ID and TD children performed better 
in the first (jump and turn 360°) and second exercise (stride jumps) (ID M=10.32 vs TD M=15.69 in the first 
exercise and 9.52 vs 16.08 in the second exercise in the three conditions, respectively). On the contrary, the third 
(jumping jacks) and the fourth exercise (hop on one foot) seemed to be the most difficult for both groups (ID 
M=7.19 vs TD M=13.46 in the third exercise and 5.55 vs 10.99 in the fourth exercise, respectively). 
4. Conclusions 
The results of the present experiment do not support the claim of automaticity for coding spatial location of 
stimuli. The current data support the ones by Naveh-Benjamin (1987, 1988), which clearly show that the spatial 
location tasks for movement require considerable mental effort and that intelligence influences performance. The 
results are also in line with those of Zucco and his colleagues (1995), indicating differences in location memory 
performance in individuals with mild ID. Thus, the results of this research do not support the predictions made by 
Hasher & Zacks (1979). Instructions to recall positions and exercises helped TD children remember locations more 
accurately than children with ID. TD children used rehearsal as well as environmental cues effectively in the 
Condition I. Movement and exercises were encoded simultaneously by TD children and served as cues for retrieval 
of spatial representations. It seems that intent to remember affected the automaticity of encoding the accuracy of 
spatial location information in memory. Motivational factors can also partially explain the differences found in the 
intentional condition between children with and without ID (Merighi, Edison & Zigler, 1990). One key factor 
hypothesized to affect performance is the history of failure in independent problem solving (Weisz, 1979). The 
greater the history of failure that children with ID experience in applying their own solutions to problems, the 
greater the amount of outer-directedness (or reliance mainly on external cues rather than on their internal cognitive 
abilities to solve a task or problem) they show compared to children without ID (Bybee & Zigler, 1998). 
On the other hand, the observed similarities in the performance of the two groups (a. there were no statistical 
significant differences in the Condition III and b. the two first exercises seem to be easier than the other two for both 
groups) may reflect a quantitative difference between people with and without ID. Precisely, as memory for location 
may rely on minimal cognitive resources, it would appear automatic for participants who have a sufficient amount of 
resources and progressively more effortful for individuals with heavily taxed or declining mental capacity. Possibly, 
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location may be automatically encoded; however consistency of reproducing a spatial response for movement 
requires intent to learn (see also Dayan & Thomas, 1994). 
According to Naveh-Benjamin (1987), the spatial location task might involve many processes, from encoding 
(encoding the whole display first and then a search of the various attributes) to the retrieval stage, which might 
involve several stages, including retrieval of several items first, and finally a comparison of their spatial location. 
Some of these processes may be automatic; others may not be. It is sufficient that one of these processes is not 
automatic. There may be differences between conditions. In large-scale environments as in the present experiment, 
exploration is made by physical movements. As a result repeated searching and scanning take considerable effort. 
TD children were able to obtain a more integrated view of the physical environment. TD children seemed to attend 
to the layout as a whole, which probably allowed them to integrate spatial information more effectively. On the 
contrary, children with ID encoded spatial information as separate components. The researcher argues that it is 
necessary to separate all the processes involved in the recall of information on spatial locations and then to assess 
their characteristics (whether automatic or not). 
Encoding information about spatial location is an important aspect of adaptive behavior. The methodology used 
allowed both groups to perform equally in the incidental condition. This provides evidence that under specific 
conditions children with ID are able to learn new material as well as their peers without ID. The current findings 
have practical significance for the training of such persons (see also Jones et al., 2002). Additionally, the experience 
of success on learning tasks could have positive effects on self-esteem, confidence, and future learning capacity. 
Spatial location could also be utilized in the teaching of new practical and work skills that are specifically dependent 
upon spatial memory (e.g. positioning electronic components on a circuit board). It may also be possible to use 
spatial locations of movement as cues for the retrieval of other verbal and less efficiently encoded information. 
Additional research is needed to confirm the findings of the present study. 
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